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ABSTRACT. The extension of the Quaternary glaciations has been studied in the semi-arid Andes of 
north-central Chile, where the glacial modelling is striking. In the Elqui valley (Iat. 300 S.), two glacial 
advances were identified reaching down to 3 100 m (Laguna glaciation) and 2500 m (Tapado glaciation). 
In the Aconcagua valley (Iat. 33 0 S.), rnoraines from three major glacial advances were found, at 2800 m 
(PortiIIo glaciation), 1600 m (Guardia Vieja glaciation) and 1300 m (Sal to del Soldado glaciation). 

The Quaternary glaciations were linked with a decrease of temperature, but more significantly with a 
marked increase of precipitation probably related to an equatorward shift of 5-6 degrees of the austral polar 
front . The results obtained in the semi-arid Chilean Andes are correlated with those recently reported from 
other sectors of the southern Andes. 

RESUME. us glaciations qllaternaires dalls les Alldes du Chili celltre-Nord. Des recherches destinees a preciser 
l'extension des glaciations quaternaires ont ete conduites dans les Andes semi-arides du Chili centre-Nord 
ou le modeIe glaciaire presente des caracteres remarquables. Dans la valIee du Rio Elqui (300 S .), deux 
poussees glaciaires principales ont ete reconnues, I'une jusqu'a 3 100 m (glaciation de La Laguna), I'autre 
jusqu'a 2500 m (glaciation du Tapado). Dans la vallee du Rio Aconcagua (33 0 S.), trois avancees glaciaires 
ont laisse des traces a 2800 m (glaciation de PortiIIo), a I 600 m (glaciation de Guardia Vieja) et I 300 m 
(glaciation de Salto del Soldado). 

Les glaciations quaternaires ont ete provoquees sans doute, par un abaissement des temperatures, mais 
surtout par une augmentation tres nette des precipitations probablement par suite d'une remontee de 5-60 

vers l'Equateur du front polaire austral. Un essai de correlation avec des resultats recemment obtenus dans 
d'autres secteurs des Andes meridionales, est propose. 

ZUSAMMENFASSUNG. Die Q.llartiirvereisungen in den Andm des nordlichen Mittelchile. Die Ausdehnung der 
Quartarvereisungen wurde an Hand der deutlich ausgepragten glazialen Oberformung der semiariden 
Anden im nordlichen Mittelchile untersucht. Im Elqui Tal (300 sod!. Br.) gelang der Nachweis van zwei 
Gletschervorstossen; der eine erreichte 3 foo m (Laguna-Vereisung), der andere 25°0 m (Tapado
Vereisung). Im Aconcagua-Tal (330 sod I. Br.) fanden sich Moranen von drei grosseren Gletschervorstossen 
bei 2800 m (PortiIIo-Vereisung), bei 1600 m (Guardia-Vieja-Vereisung) und bei 1300 m (Salto-del
Sold ado-Vereisung). 

Die Quartarvereisungen waren mit einem TemperaturrOckgang verbunden, aber mehr noch mit einem 
markanten Anstieg der Niederschlagsmenge, was wohl zurOckzufOhren ist auf eine Verschiebung der 
sOdlichen Polarfront von 5-6 Grad in Richtung des Aquators. Die Ergebnisse aus den semiariden Anden 
Chiles werden zu den jOngsten Erkenntnissen aus anderen Bereichen der sudlichen Anden in Beziehung 
gesetzt. 

INTRODUCTION 

Until the late 1960s, Quaternary events in the sub-tropical Chilean Andes were mainly 
known through the accurate but scattered field observations reported in the pioneer works of 
BrUggen (1928, 1950) . Recently, more detailed data were collected by the authors in the 
upper basin of the Rio Elqui (Paskoff, 1970), located at the southern edge of the Atacama 
desert at lat. 30° S., and along the upper course of the Rio Aconcagua (Caviedes, 1972[a)) 
at the northern boundary of the Mediterranean strip of central Chile at lat. 33° S. (Fig. I). 
The remarkable similarities presented by the glacial modelling of the two basins encouraged 
the authors to combine the results of their independent investigations and to propose a climatic
geomorphic model that would explain the extent and the character of the Quaternary 
glaciations in the Andes of north-central Chile. 
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Fig. 1 . North-cmtral Chile. The .. haded areas correspond 10 the basins of the Rio Elqui and Rio Aconcaglla as shown in detail 
ill Figllres 3 arId 5. The Chile- Argmtina bOllnda~y follows the highest slllllmit,· of the Andes. 

THE PHYSICAL SETTING AND THE PRESENT GLACIATION 

The Elqui Cordillera is about 60 km wide from east to west and occupies more than 
6000 km'. The summits rise up to 5000 m; the two highest points in this area even exceed 
6000 m. The massive relief is interrupted only by a few valleys which generally run north
south or north-west- south-east; they are wide and allow easy access to the foot of the im
pressive mountain wall which forms the divide between the main slopes of the Andes. There 
is no frontier pass to Argentina lower than 4000 m . 
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'I he massive nature of the Andes continues south to lat. 33° S., where the upper Aconcagua 
valley drains a compact mountain body which is not wider than 50 km and which covers 
an area of about I 000 km2. The rather flat summits are arranged from east to west in 
different levels of decreasing altitude. Near the Argentine border, a chain of isolated peaks 
around 5000 m high rises above the rest of the Cordillera. The valleys are deep and display 
abundant evidence of recent glacial shaping. 

Precipitation varies greatly from north to south; while there are only 200- 300 mm of 
rainfall per year in the Elqui Cordillera (Schneider, 1969), up to I 000 mm can be registered 
in the uppermost part of the Aconcagua valley during exceptionally humid years. On the 
other hand, the irregularity of annual precipitation is strongly marked , as is the rule in a semi
arid Mediterranean area. Precipitation cccurs mainly in the form of snow during the wintel
pericds ofstcrmy weather (from May to August in the Elqui valley, and from April to October 
in the upper Aconcagua valley) . These are caused by episodic depress ions associated with 
northward advances of the polar front in the South Pacific (Whittacker, 1943; Caviedes and 
Aguila, 1969 ; Schneider, 1971 ). In the dry air and under a generally strikingly blue sky, 
temperatures are closely related to solar radiation. As a consequence, diurnal temperatures 
have a range of 20 deg or m ore throughout the year, w hich results in almost daily alternations 
of freezing and thawing. This causes intense frost shattering of the exp osed rocks, and so 
thick talus slopes have developed above 3 000 m in the Elqui valley and above 2000 m in 
the Aconcagua valley. Good examples of stone pavemen ts and patterned ground can also b e 
found. D esp ite the effects o f current periglacial processes related to present climatic conditions, 
the semi-arid Chilean Andes essentially exhibit a glacial type of modelling. 

Throughout the high Andes of semi-arid Chile, cirques and U -shaped valleys rer;rcsent 
the main erosional forms. Rock thresholds and valley widenings filled with outwash materials 

Fig. 2. The summit of El Tapado mountain (5 I24 m) with a hanging residual glacier and ablation morail!cs where the gLacier 
ends. 
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often characterize the uppermost reaches of the glacial troughs. There are all types of glacial 
accumulation: large lateral moraines which resemble long embankments at the foot of rocky 
walls, ablation moraines which produce the typical hummocky topography of the valley 
bottoms, and terminal moraines which sometimes display the classical crescentic loop shape. 

In contrast to the widespread and distinc tive alpine-type topography, the present glacia
tion has a very limited extent. In the Elqui Cordillera, near the Argentine border, there is 
only one small hanging residual glacier perched above the Rio Laguna valley (Fig. 2). 
The firn line lies between 5 000 and 5 500 m (Lliboutry, 1956), and even neve patches exist 
only in south- and south-east-facing cirques. Nevertheless, rock glaciers are well developed 
above 4 500 m; they are similar to those described from the Turkistan mountains 
(Klebelsberg, 1948-49), Alaska (Wahrhaftig and Cox, 1959) a nd the western United States 
(Outcalt and Benedict, 1965; Blagbrough and Farkas, 1968 ; Shroder, [0 I 972]). In the 
Aconcagua Andes, however, with the firn line at 4 200 m, debris-free alpine glaciers, such as 
Juncal Norte and Rio Plomo glaciers, descend to approximately 3000 m (Wilgat and 
Wojciechowski, 1971 ). Rock and mud glaciers are normally found in the valley heads above 
4000 m. 

THE FORMER GLACIATIONS 

A. The upper Elqui valley 

The Elqui Cordillera comprises the basin drained by the two main branch es of the Rio 
Elqui: the Rio Turbio, formed by the confluence of the Rio Laguna and Rio Toro, and the 
Rio Claro, fed by an important tributary, the Rio Cochiguas (Fig. 3). At the present 
time, this part of the Chilean Andes is characterized by a periglacial morphogenesis typical 
of a dry high-mountain area. During the Quaternary, however, the Elqui Cordillera was 
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Fig. 3 . The Rio Elqui basin . The solid and hatched arrows show the extents of the last (Laguna) and penultimate ( TaPado) 
glaciations, respectively. The Vicuna fault separates the upper and lower Elqui Cordillera. 

considerably affected by the geomorphic action of ice, which left a widespread and con
spicuous glacial topography marked by cirques, U-shaped valleys and morainic deposits 
(Bruggen, 1928, 1950; Mortensen, 1928; Paskoff, 1967[a] , [b], 1970, 1972; Weischet, 1969). 
In order to determine the number and character of the glaciations of the Elqui Cordillera, 
the Rio Laguna valley and its down-stream continuation, the Rio Turbio valley, were 
thoroughly surveyed. 
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The Laguna glaciation 

At about 3 100 m, the Rio Laguna valley is dammed by a large and well-preserved 
end moraine (Fig. 4) in which two main arcuate walls are clearly marked; they are about 
ISO m high and separated from one another by a kame terrace. The matrix of the till is 
variegated; violet-brown is the dominant col or. In the grain-size group between 300 and 500 

(-tm, angular feldspars are the most abundant minerals. The matrix contains angular pebbles 
(median of Cailleux's roundness index for a sample of 33 pebbles : 43) mainly of a volcanic 
origin. Exposures reveal an arrangement of polychromatic bundles which seem to be pushed 
one over the other, so that elongated or ribboned violet, yellowish or bluish streaks are shown. 
The deposit is loose and not chemically weathered. The youth of the morainic accumulation, 
already suggested by its well-preserved topographic forms, is confirmed by the analysis of 
heavy minerals in the grain-size interval between 50 and 500 (-tm, where fragile minerals, 
such as olivine, show no sign of alteration. Brown augite, green hornblende, epidote, garnet 
and quartz are also present. 

Fig. 4. At La Laguna the river has cut a deep gorge through the morainic plug. 
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The weak stratification and poor sorting of the outwash materials suggest a sudden 
fluvio-glacial discharge during which the load was transported without selection and d eposited 
in bulk. The river then began to cut through its own accumulation, thus creating a terrace. 
The present extended flood plain, which is strewn with disprop ::>rtionately large boulders and 
characterized by braided systems, is the consequence of lateral erosion which is more effective 
than down-cutting at the present time. 

Because of the distinctiveness of its forms and the youth of its deposits, the Laguna end 
moraine must be attributed to the latest major ice advance in the Southern Hemisphere. 
At that time, a glacier about 40 km long occupied the Rio Laguna valley which is a typical 
trough except for a short stretch just up-stream of its junction with the Quebrada Sin Fin. 
The characteristic U-shaped valley, which has scarcely been obliterated by the effects of 
current periglacial processes, displays many striking features of glacial modelling such as 
hanging tributary valleys, several short gorges cut into rock thresholds, a widening fill ed with 
outwash sediments and remnants of kame terraces. Many subsidiary glaciers from the high 
mountains converged to form the large glacier which occupied the Rio Laguna valley. 
In addition, the orientation of its upper course from north to south 2.nd then from east to west 
protected it from insolation and allowed it to descend down to 3 100 m, wasting shortly 
after the flow direction had turned northerly. 

If it were assumed that the till accumulation found at the Laguna site was left by two 
short glaciers which flowed down the right wall of the valley, and that it was not built by a 
long glacier coming from up-stream, the Laguna moraine would be a barrier due to a supply 
of material from the valley side rather than an end moraine. However, there is much evidence 
supporting the assumption that the Laguna moraine was mainly accumulated by a longi
tudinal glacier. For instance, the above-mentioned glacial features of the valley up-stream 
of the Laguna site, as well as some granitic components in the till, suggest an allochthonous 
origin. Finally, if the valley was dammed by glacial material transported from the right wall, 
the breach would have occurred on the weaker left side where the barrier would have been 
lower, and not at the right side, as is the case. Hence we agree with Briiggen (1928) in inter
preting the Laguna moraine as a frontal accumulation from a main valley glacier. 

The bulky end moraine of the Laguna site can be understood if it is assumed that the 
glacier snout was heavily loaded with materials as a consequence of an environment which was 
very conducive to effective frost-shattering. Since two separate arcuate walls are found in 
the Laguna accumulation, the terminal moraine was built up during the glacial maximum, 
which was probably marked by two stages. The ensuing warming-up period wa'l undoubtedly 
fast. The outwash deposits point to a sudden melting caused by a rapid rise in temperature. 
During the Quaternary, volcanic activity was absent from the Rio Laguna basin. Thus the 
hypothesis of a catastrophic discharge linked with an eruptive episode must be excluded. 
In the continental and dry mountainous environment of the Aragon Pyrenees, Seret ( 1965) 
found a similar example of a sudden and powerful ice-melt flush which washed down morainic 
material from a glacial front. Another indication of rapid deglaciation may be found in the 
scarcity of till deposits up-stream of the Laguna terminal moraine. 

The Tapado glaciation 

At about 2500 m, nearly 15 km dow.1-stream from the Laguna site, Briiggen ( 1928) 
reported boulder clays plastered against the walls of the U-shaped Rio Laguna valley. 
They are exposed especially between the junction with the Quebrada Tapado and the 
confluence with the Rio Seco. The deposit was studied near the junction with the Quebrada 
Tapado tributary, on the left side of the Rio Laguna, where it formerly blocked the outlet 
of a small torrent. Field observations support the proposal by Briiggen that this deposit is of 
a glacial origin. The accumulation of boulder clay, almost 100 m in thickness, singularly 
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recalls the polychromy and sedimentologic characteristics of the Laguna moraine, except for 
its much greater compactness. The heavy mineral content is also very similar to that of the 
sample from the Laguna site. However, alteration phenomena indicate that the Tapado 
accumulation is older. Fragile minerals such as pyroxenes have vanished and chemical 
decomposition has affected the amphiboles which are often chloritized. Weathered epidote 
and apatite as well as garnet are also present. 

Just down-stream of the Tapado till exposure, remnants of an outwash terrace, partially 
concealed beneath talus slopes, appear at about 15 m above the younger terrace associated 
with the Laguna moraine; this is a further argument for the glacial origin of the boulder-clay 
formation. 

The older glaciations 

Along the Rio Turbio valley itself there is little evidence of ancient glaciations. For 
instance, a compact clastic formation occurs in the Quebrada Las Mercedes, an east-trending 
creek about 10 km long which appears above the 3000 m level and joins the Rio Turbio 
5 km up-stream of Rivadavia. This deposit displays a glacial facies, but considering the 
latitude, its altitude of I 000 m seems too low for it to be considered a till. In a small tributary 
of the Rio Claro, just in front of Pisco Elqui, two exposures of poorly sorted and badly 
stratified sediments are noticeable at I 500 m and at I 700 m. Weischet ( 1969) assumed that 
they were left by two separate ancient glaciations but we feel they are probably mud-flow 
products. Brtiggen (1950) described as glacial a clastic formation in the Rio Turbio valley 
at 800 m, near Varillar, just up-stream of Rivadavia. However, the local origin of its con
stituents (they are composed oftonalite which crops out on the left wall of the valley) does not 
support this interpretation; the idea of a mud-flow deposit seems more appealing. 

Finally, the best argument for older glaciations comes from indirect evidence gathered 
mainly to the west of the Elqui Cordillera, beyond the major north-trending Vicuna fault, 
where summits rarely exceed 3000 m. In this part of the Andes, the deterioration periods of 
the Quaternary climate were characterized by a fall in the average temperature and especially 
by an increase in precipitation which led to pluvial rather than to glacial morphoclimatic 
conditions. The lower relief features prevented permanent snow and ice formation. Conse
quently, during the spring ablation period, very active torrential processes occurred, favored 
both by the steepness of the slopes and by the fragility of fractured and weathered rocks. 
The counterpart of this erosion is found in the huge alluvial fans constructed by the steep 
tributary streams at their junctions with the main valleys, which were temporarily dammed up 
by the thick debris accumulations. Today, the alluvial fans are no longer active but are being 
deeply cut by periodic floods. The setting of different generations of alluvial fans, one con
structed within another, indicates an alternation of pluvial periods (construction of fans) with 
arid periods (erosion of fans). The best example of this is found in the Rio Claro valley, 
between Mcnte Grande and Pisco Elqui, near the junction with the Rio Cochiguas. The 
successive alluvial fans are: 

1. The remnant of an ancient mud-flow accumulation, whose components are difficult 
to recognize because they are not well exposed. 

11. A younger fan composed of tonalite pebbles and boulders mixed with coarse sand, also 
eroded, but still about 200 m high. Weathering is not noticeable. 

111. A present fan perfectly preserved except for the entrenchment made by the current 
floods. Its constituents are very similar to those described above f0r its predecessor, 
although boulders are less numerous and coarse uncompacted sands are more abun
dant. Assuming that the construction of the recent fan is contemporaneous with the 
Laguna glaciation, and that the older fan can be correlated with the Tapado 
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glaciation, then the oldest fan must have been built during an even earlier glaciation. 
What was the extent of this glaciation? Was it preceded by a still earlier glacial 
episode? All these questions need further investigation. 

B. The upper Aconcagua valley 

The location of the Aconcagua valley (Fig. 5) roughly coincides with the boundary 
between the semi-arid zone of the so-called " Norte Chico", which may have periodic rains, 
and the temperate zone with heavy winter rainfall in the central part of the country. The 
mobility of the boundary between the semi-arid and sub-humid environments that prevailed 
during the Quaternary has been demonstrated not only by observing the features of the 
morphology but also by palaeobotanic discoveries (Paskoff, 1967[a]; Caviedes, I972[b]; 
Pizarro, unpublished). Information about the glacial geomorphology of the valley was 
restricted to a few isolated remarks in the works of Briiggen (1928, 1946, 1950) until Caviedes 
(1972[a]) carried out further detailed investigation in the valleys of the Juncalillo creek and 
the Aconcagua itself. . 
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Fig. 5. The Rio Aconcagua basin. The arrows show the maximum exttnts of the pre-penultimate, penultimate and last 
glaciaiions. The Pocuro fault is east of Los Andes. 

The Portillo glaciation 

At Portillo, between 2 900 and 2 650 m, two glacial troughs converge and glacial deposits 
can be found at different levels in the valley bottom. Among them the most remarkable are 
two lateral moraines deposited on each side of the converging troughs, the exterior moraine 
being built of coarser and more cemented till than that of the interior one (Fig. 6) . A closer 
look at the components of the lateral moraines reveals a layer of till in whose matrix pale 
biotite flakes, augite and slightly altered olivine crystals are present. The coarse material 
consists mainly of angular boulders of andesitic basalt, andesitic porphyry, tuff and breccia 
of a reddish color. Even though the mineralogy of the matrix and the debris contained in the 
till is similar for both lateral moraines, a greater amount of fine-grained particles in the matrix 
and the presence of a thin soil upon the exterior margin suggest that they belong to two 
different glacial episodes. Both lateral moraines are abruptly terminated at their down-stream 
ends; thus the remnants of the corresponding end moraines are completely lacking. It must 
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be assumed that this occurred not only as a consequence of the post-glacial melting and erosion 
but also because of the rather violent increase in the steepness of the valley bottom down-stream 
of Portillo. 

Other minor ice tongues were able to glide down the valley along the path determined by 
the lateral moraines. They left tiny morainic loops composed almost exclusively of unsorted 
angular boulders of andesite, basalt and red tuff, together with a small amount of fine material. 
The latter is composed mostly of montmorillonite clay with isolated inclusions of plagioclase, 
biotite, augite, olivine, alkali feldspar and quartz grains. Behind the small arcuate walls, 
the accumulation of outwash material and lacustrine deposits built up the flat surface of the 
llanos which appear repeatedly in the Portillo complex at 2 900, 2 800 and 2 650 m. Another 
remarkable form of the system is a sizeable boulder moraine at the level of the llano at 2 800 m, 
which dams the Laguna del Inca. 

Fig . 6. The valley widening at Portillo (2850 m). The lateral moraines (I and Il) and the boulder moraine (BM) which 
dams the Laguna del Inca are clearly visible. This view which was taken in spring shows the high snowfall received in 
this area under the present climatic conditions. 

The Portillo system exhibits features that clearly belong to two distinct glacial phases. 
The huge lateral moraines were deposited during two major advances of the last glaciation, 
while the small arcuate loops, which are not compatible in size and sediments, are the testi
mony of minor glacial re-advances during the post-glacial period. A short but powerful 
advance deposited the huge boulder moraine that dammed the Laguna del Inca. Subse
quently, glacio-fluvial material and lacustrine deposits filled the shallow pro-glacial lakes 
behind the loops, and the flat surfaces of the llanos appeared. 4 km down-stream of Portillo, 
at 2 000 m, where the Ojos de Agua creek empties into the Rio Aconcagua, a hummocky 
feature damming an elongated llano occupies the valley bottom. Numerous exposures on the 
hummocks as well as in the llano itself reveal that both are composed of till which was covered 
either by glacio-fluvial sediments (as on the surface of the llano) or by a IS cm deep soil 
overlying the hummocks. Beneath this thin soil cover, traces of cryoturbation and solifluction 
are very noticeable. These features, which were not found on top of any of the forms of the 
Portillo system, suggest that both the hummocky topography and the llano were built during a 
glacial phase previous to the Portillo glaciation. 

The Guardia Vil!ja glaciation 

16 km down-stream of Portillo, another group of forms caused by accumulation appears 
at Guardia Vieja ( I 600 m). It consists of a broad arcuate wall rising about 135 m above 
the level of the Rio Aconcagua (Fig. 7) ; behind it, glacio-fluvial 'sands and gravels form the 
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flat bottom of the llano of Guardia Vieja. The arcuate wall is definitely a terminal moraine 
composed of thick deposi ts of reddish till which contains grains of partially chloritized augite, 
altered olivine, weathered plagioclase, epidote and haematite particles. Small boulders and 
pebbles of andesite, andesitic porphyry, basalt or tuff, slightly smoothed , are irregularly 
distributed in this matrix. An alternation of silts, fine sands and pebbles on top of the till 
indicates several phases of glacio-fluvial outflow during deglaciation, while on the surface of 
the terminal moraine there is a mature organic soil without traces ofsolifluction or cryoturba
tion; this suggests that it was formed during the temperate climatic conditions of the Holocene. 
There is no terminal moraine of the dimensions and variety of components which characterize 
the Guardia Vieja complex elsewhere in the valley. The fluvio-glacial deposits and the 
presence of the soil, as well as the absence of periglacial traces, lead us to the conclusion that 
the main body of the Guardia Vieja arcuate loop was constructed by a maximal glacial stand 
notably older than those of Ojos de Agua and Portillo. 

Fig . 7. The glacial trough of the upper Rio Acollcagua at Guardia Viva ( I 600 m). The river has illcised itself deeply illlo 
Ihe former morainic loop (arrows ). 

The Salto del Soldado glaciation 

At Salto del Soldado ( I 300 m ), the Aconcagua valley narrows considerably. The rock 
ridge, through which the river has cut a sharp gorge , is nothing but the remnant of a still 
larger Riegel, which was dismantled by former phases of discharge and erosion. The fact that 
up-stream of here the valley is a perfec t glacial trough , together with the discovery of glacial 
till in well-protec ted places behind the partially eroded former rock barrier, indicates that this 
was the final position of the oldest glacial advance down the upper Aconcagua valley. 

The morainic mate rial behind the rock barrier at Salto del Soldado consists of mont
morillonite clays and fine silts, in which the commonest mineral grains are of quartz, plagio
clase partially altered to sericite, completely chloritized pyroxene and haematite . The 
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petrography of the boulders does not differ considerably from that of the Portillo lateral 
moraines or the terminal moraine of Guardia Vieja, suggesting that the material forming 
these moraines originated from the same area. The high degree of cohesiveness and the 
mineralogic alterations in some parts of the matrix indicate that these deposits are the 
oldest among those found in the upper Aconcagua. This is confirmed by the occurrence of the 
lowest pro-glacial outwash deposits in the valley, about 3 km down-stream of Salto del 
Soldado. They correspond to the Salto del Soldado glacial phase and are particularly notice
able in the form of fluvio-glacial sands, varves and fine gravels which crop out at Los Espinos. 

Even though the lowest hints of glacial shaping and deposits occur only as far down-valley 
as Salto del Soldado, there is ample evidence below this locality for a cooler and more humid 
climate during the glacial advances . There are colluvial deposits at both sides of the valley 
bottom interspersed with Hat and extended alluvial fans at places where a former subsidiary 
creek joined the valley. Both colluvial deposits and fans arc totally indurated and erosion by 
the ephemeral swelling of the creeks during the periodic winter rains is the most important 
factor in their present morphogenesis. 

A third form related to a more humid and cooler climate than the present one are the 
smooth slopes composed oflayered scree that appear at about I 200 m in the upper Aconcagua 
valley. They arc strikingly similar to those described by Weischet ( 1969) from the Elqui 
valley and interpreted by him as evidence for periglacial modelling beyond the maximal 
extension of the Pleistocene glaciations. 

Since slope colluvia, layered scree and flat alluvial fans require special conditions of soil 
humidity and slope wash during snow-melt periods for their formation, and because these 
forms are now indurated, we conclude that they were created in a periglacial environment 
under climatic conditions that were more humid than the present, probably during the cool 
moist periods affecting the Aconcagua Cordillera in the Quaternary. . 

The sequence (if events during the PLeistocelle 

A survey of the traces left by the glaciations along the upper Aconeagua valley suggests 
that they descended to 1 300 m, foll owing the deeply eroded valley of the Rio Aconcagua, 
and that they never extended beyond the outer limits of the Cordillera. Unlike other Andean 
valleys to the south, the Aconcagua valley was never affec ted by volcanic eruptions or hy 
seismic-catastrophic events, so that each of the glacial accumulations in the valley call be 
attributed to a corresponding glacial episode without secondary alteration. 

I n the .J uncalillo valley, the presen t forms of glaciation, small rock glaciers, mud-covered 
glaeiers and dead-ice patches are located at about 4000 m, and deposits of the glaciation 
preceding the current episode occur at 2 900 m in Portillo. Thus, the latter should be assigned 
to a glacial recurrence that took place just before the present. No chronological dating has 
ever been attempted for the north-central Chilean Cordillera; the only tentative way to date 
these forms is to fit the results of the geomorphological survey into the time-scale proposed by 
Heusser (1966) and Mercer ( 1972) for the Late and post-Glacial in southern Chile. Using 
palynological and 14C dating techniques, Eeusse r «nd Mercer es tablished the existence of two 
main advances during the last glaciation: one at about 19000 years H.P. and the other at 
about 14800 years B.P. We believe that these advances were responsible for the formation of 
the huge lateral moraines at Portillo. Three minor re-advances during the Holocene were 
responsible for the construction of the small arcuate loops, the boulder moraine and for the 
formation of the llanos. These stages have <;!.lso been detected by Heusser and Mercer. 

I t follows that the glacial hills of Ojos de Agua, down-stream of Portillo, are testimony of a 
stadial phase of a glacier withdrawal from a maximal position at Guardia Vieja ( I 600 m). 
Considering the Guardia Vieja system as being contemporaneous with the penultimate 
glaciation, the Ojos de Agua hills must be related to a stadial within the penultimate 
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glaciation. Similarly, the traces of the glacial modelling and the sparse moramlC deposits 
located in front of the Salto del Soldado barrier, at I 300 m, are the remnants of the oldest 
glaciation that affected the upper Aconcagua valley. 

The perfectly V-shaped valley and the polished trough walls that can be found from the 
valley head down to the Salto del Soldado site, together with the increasing proportion of fine 
weathered material in the till, lead us to believe that the earlier glaciations in the Aconcagua 
area were more powerful and the accompanying climate more humid than later. Similar 
characteristics of the younger glacial advances have been observed by Mercer (1965, 1970) in 
southern Argentina, and Kinzl (1968) and Clapperton (1972) in the Andes of central Peru. 

MAIN RESULTS AND UNSOLVED PROBLEMS 

The solid evidence of Quaternary ice advances in the Andes of north-central Chile causes 
us to raise questions about (I) the morphogenetic effectiveness, (2) the climatic characteristics, 
and (3) the number of glaciations. 

The morphogenetic effectiveness of glaciations 

In the high Cordillera of semi-arid Chile there is a striking contrast between the limited 
extent of the present glaciation and the distinctiveness and scale of the glaciallandforms which 
surround them. This contrast, which is especially conspicuous in this part of the Pacific side 
of the Andes, is explained by the latitudinal position (30-33° S.) of semi-arid Chile, which, 
during the cool humid periods of the Quaternary, was part of the rainy province of the 
territory. Therefore, the authors assume that ice streams-some tens of kilometers in length-· 
appeared and deeply eroded the area. This powerful erosion was facilitated by structural 
conditions, as has already been stressed by Dollfus (unpublished) and Borde (1966); the 
predominant micro- and macro-fractured granitic and volcanic rocks lent themselves to 
effective glacial quarrying. 

The climatic characteristics of the glaciations 

The study of the meteorological conditions of particularly rainy years, such as 1963 and 
1965, when the polar front shifted considerably farther north than normal, has proved to be 
very helpful in a reconstitution of the climatic pattern of this area during the cool humid 
periods of the Quaternary. In 1963 and 1965, heavy snow fell in the Cordillera and accumu
lated in cirques excavated by ice during earlier glaciations. In the Elqui mountains it 
remained until the end of spring and in the Aconcagua Cordillera it melted only on the arrival 
of summer. Very similar conditions probably prevailed during the Pleistocene cold periods. 
Preliminary studies conducted by Caviedes on humidity transport in different atmospheric 
layers show that, during the winter months, the amount of moisture carried from the sea 
towards the continent by the wind at levels of850 mbar (± I 500 m) and 700 mbar (±3 100 m 
is actually greater than below I 000 m. This is because the wind velocity in the upper layers 
of the atmosphere is usually between three and five times higher than that near the ground. 
Thus the summits of the coastal Cordillera above I 500 m receive a thick snow cover during 
the cyclonic-frontal disturbances in winter which may remain for weeks on the flat mountain 
tops, if the insolation rate is not excessive. Near the Rio Aconcagua valley, snowfields were 
observed on the summit of the Cerro Vizcachas (2 043 m) and on the ridge of the Cordillera 
El Melon (2 192 m) and these persisted until the beginning of spring in the especially rainy 
years of 1963 and 1965. All of these observations help us to understand the conditions of the 
increase in precipitation, mainly in the form of snow, associatep with an equatorward shift 
of the polar front during the glaciations. Moreover, along the coastal fringe of semi-arid 
Chile, relict vegetation, for instance, the Fray Jorge forest at lat. 30° 15' S., seems to indicate 
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a marked migration of the Valdivian rain forest towards the tropics during the Quaternary. 
There are also rubified palaeosols very similar to the present red soils of humid Chile (Paskoff, 
1970). The palaeontological discoveries of Herm (1970) in the completely arid environment 
of northern Chile also suggest that the first cold period of the Quaternary was able to support 
at least a sparse vegetation cover. 

These points strengthen the hypothesis that the Pleistocene glaciations in semi-arid Chile 
resulted in a northward shift of about 5-6 degrees of latitude of the austral polar front (Paskoff, 
1967[a], [b]), combined with a displacement and also a weakening of the vast South Pacific 
anticyclonic cell. We can therefore account for the thermal cooling by the greater frequency 
of polar air flows which were able to affect sub-tropical latitudes because of the retreat of the 
tropical air. Related to this was an increase in precipitation, linked not only with more fre
quent disturbances but also with a more active cyclogenesis. The general observations of 
Hastenrath (1967, 197 I [ a], [b]) on the Pleistocene snow-line depression in the Peruvian
Chilean Andes confirm this hypothesis, since they show that in the Pleistocene the boundary 
between middle-latitude westerlies and tropical easterlies was situated nearly 5 degrees 
equatorward from the present location of lat. 30° S. Consequently, during the Quaternary 
glaciations, the climate of semi-arid Chile was probably characterized by heavy precipitation, 
mainly in the form of snow above I 000 m, cold waves and reduced evaporation. 

Finally, we must stress that in the high Cordillera of semi-arid Chile the Quaternary 
glaciations were linked with a decrease in temperature, but more significantly with a marked 
increase in precipitation which accounted for the ice extension. The reduced extent of the 
present glaciers is not due to thermal causes, since the altitude is sufficient to create a cold 
climate, but to a precipitation inadequate for the formation of ice. Under conditions of 
higher humidity, the glaciers would have expanded throughout the high Cordillera, whereas 
the middle Andean mountains to the west have been affected by a climatic regime of pluvio
nival type responsible for effective torrential erosion . 

The number of glaciations 

From the evidence mentioned above, we deduce that the high Cordillera of semi-arid 
Chile was undoubtedly affected by several glaciations during the Quaternary. The two 
youngest left distinct morainic forms and deposits as evidence of their former existence. Many 
other observations indicate that older glaciations also occurred, but their extent and number 
remain undetermined. These findings coincide with those of other geomorphologists who 
have recently surveyed the glacial features of central and south-central Chile (Weischet, 
1964; Borde, 1966; Lauer, 1968; Habbe, 1969; Laugenie, 1971). 

The last glaciation was very likely contemporary with the Wisconsin- Wilrm glaciation 
of the Northern Hemisphere, if the research on absolute dating carried out in south-central 
Chile by Heusser (1966) and Mercer (1972) is taken into account. It was responsible for the 
Laguna end moraine at 3 100 m in the Elqui Cordillera, and also for the lateral moraines of 
the Portillo system in the Aconcagua valley. These moraines probably continued down-stream 
to a terminal accumulation which is assumed to have been constructed at the Llano de 
Juncal at 2 200 m and then erased by post-glacial erosional processes. The two arcuate 
morainic walls at the Laguna site and the two lateral moraines near Portillo indicate the 
probability of two phases within the last major glaciation. Farther south, this last advance 
has also been clearly identified. In the Maipo River valley, a glacial tongue extended down 
to Los Queitehues at I 700 m (Borde, 1966) and in the Rio Cachapoal valley to El Man
zanar at 1 200 m, 40 km down-stream of the present glacier front (Santana, 1967). Near 
lat. 40° S., the last glaciation left terminal lobate loops, referred to by Weischet (1964) as the 
"El Salto moraine", which dammed the sub-Andean lakes. Radiocarbon dates obtained 
from wood samples found in this El Sal to moraine near Lago Llanquihue, lat. 41 ° S., suggest 
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that the last glacial maximum occurred between 16000 and 12000 years H.P. (Heusscr, 
1966), although Mercer (1972), in his more recent work, dated the main phase of the last 
glaciation at 19000 years n.p. and the second phase at 14800 years H.P. 

The shrinkage of the ice from the final posi tion reached during the second phase of the la,t 
glaciation was interrupted by a new advance of glaciers heavily loaded with coarse debris 
("dark" glaciers and rock glaciers), probably related to a cli matic oscillation mainly charac
terized by a dec rease in temperatures. The long-dead rock glaciers in t.he mountains of the 
upper Elqui valley a nd thc boulder accumulations in the Rio Aconcagua valley near 
Portillo at 2 800111 are evidence of a late gh:cial recurrence. In the Riu Maip3 valley, 
BOt·de (1966) rcported the same event as the "Lo Valdes stage", characterized by "glacio
solilluction fl ows" which have moved down short and steep tributary troughs and dammed the 
main valley. On the Argentine side of the central Andes, this late glacial advance has also 
been detec ted by Salornon ( 1969). 

Corresponding probably to the penultimate glaciation (Illinois- Riss) are the Tapado 
morainic accumulation at 2 500 m in the Elqui Cordillera and the Guardia Vieja moraine at 
1 600 m in the Ac:mcagua valley; two stages may be distinguished in this glaciation from the 
occurrence of till remnants at Ojos de Agua (2000 m). The San Alfonso moraine at 1 100-
1 200 m ill the Rio Maipo valley (Borde, 1966) and the Rio Negro moraine in the lakes 

TAilLE l. GI.ACIAL ADVANCES IN THE ANDES OF CENTRAL CHILE, IlETWEEN LAT. 30° AND 41 ° S. 
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region (Weische t, 1964), where ice lobes reached the center of the Chilean vale, arc also 
evidence of the penultima te glaciation. The poorly preserved forms left by this glacial 
advance, the d egree of compactness and the weathering of its d eposits clearly indicate that 
this glaciation preceded the Laguna- Portillo glacia tion. 

Finally, there is some evidence for an earlie r glaciation mainly in the Rio Aconcagua 
valley where, at the Salto del Soldado site ( I 300 m ), a rocky barrier and morainic material 
are found. Elsewhere, the field data are too discontinuous and uncertain to allow the deter
mination of the number and ex tent of possible glaciations which preceded the Tapado-' 
Guardia Vieja glaciat i ~m . Even in the lakes region , where the latitudinal position and the 
topographic arrangement are especially suitable for the study of the ancient glaciations, 
some authors (lilies, 1960; Lauer , 1968 ; Laugenie, 1971 ) have argued that there is evidence 
of only three glaCiations, wherea~ W eischet (1964, 1970) assumed that his penultima te glacia
tion, the Rio Negro glaciation, was preceded by two earlier ice advances, the Rahue and 
Contaco glaciations (Table I ) . 

Our knowledge of the glacial morphology of the Chilean Andes be tween la t. 30° and 40° S. 
has improved greatly during the last decade. H o wever, further research is still needed in the 
Atacama desert and in the fjord province, where only discontinuo us and unreliable field data 
are available, before a more complete history o f the Quaterna ry glacia tions on the Pacific 
side of the Andes may be compiled. 

ACKNOWLEDGE ME NTS 

The authors express their acknowledgement to Or Alexander Paul , University of Saskat
chewan, R egina Campus, and to Or Norman Lasca , University of Wisconsin--Milwaukee, 
who revised thi s work and made valuable suggestions . 

.lIS. received 5 October 1973 

REFERENCES 

B1agbrough, j . W ., and Farkas, S. E . 1968. Rock glac iers in the San M a teo M ountains, south-centra l New 
Mexico. Americall Joumal of Sci~"ce, Vo\. 266, No. 9, p . 812 - 23 . 

Briiggcn, J. 1928 . La glaciacion ac tua l y cua lcrnaria d e la Cord illera d" los And(,s. A,wles de la UlliverJidad de 
Chile, 2a. Ser., Tom . 6, No. 3, p . 599-684. 

Briiggcn, J . 1946 . La cronologia de las epoeas glac ia les de Chile. Revisla Ull ivefJilaria (Universidad Ca lol ica 
de Chile, Santiago de Chile), T om. 32, No. I , p. 27- 39. 

ErLiggen, j . 1950. F,l1ldamenlos de la geologia de Chile. Santiago de Chile, instituto Geografi('o l'vlilil a r. 
Horde, j . 1966. Le,. AndeJ de Sanliago el leu1' avanl-/Ja)'s,' elude de giomor/J/lOlogie. Bordea ux, Union Fra rH;a is(' d'Impres

sion. 
Caviedes, C . 1972[a l. Geornorfologia d ,.1 Cuaterna rio del Valle del Aconcagua, Chile Cenlra l. Freiburger 

Geographische H~fle (Freiuurg i.B.), Bd . 11. 
Caviedcs, C. 19721bJ . O n the pa lcuclimalOlogy of the C hilean lilloral. Iowa Geographer, No. ~9 , 19 72 , p. 8- 14. 
Caviedes, C., aTld Aguila , I. 1969. Los eS lados de liempo tipicus de Valpa ra iso, C hile Central. R."i ... la Geogrdfica 

de Va/para iso, Tom . 3, Nos. 1- 2, p. 3- 21 . 
Cla pperton, C . M . 19T1. The Pleislucene moraine slages o f wt.'S I-ccnlra l Peru . J Ol/fTlal of (;/llCiulogy, Vol. 11, 

No. 62, p. 255- 63 . 
Dollfus, O . Unpubl ished. Les Andes ccnlrales du Perou Cl leur picmonts (entre I.ima et It' Pl'fl' nc) : elude 

geomorphologique. [Oocloralthesis, U niversile de Pa ris , 1965.J 
H a bbe, K . A. 1969. Recherches geomorphologiques sur le Qua lernaire superieur dans la regio ll de la Froll lcra 

(Chili du Sud). (/11 Eludes JIIr le Q]/alcmaire dans le M01lde. VIII' COTlgres IAQUA, Paris, 196'9, Tom. I , p. 93- 96.) 
H astenrath , S. L. 1967. Observa lions on the snow line in thc Peruvian Andes. J Ol/mal of Glaciology, Vol. 6, 

No. 46, p . 541 - 50. 
Hastem a lh, S. L . 1971 [aJ. O n lhe PlcislOcene snow-line d epress ion in the a rid regions of the South American 

Andes. Journal fl f Glaciol1gy, Vo\. 10, No. 59, p. ~55-67 . 
H astenrath, S. L. 1971 [b) . O n snow-line depression and a tmospheric circula tion in the tropical Americas during 

the Pleistocene. Soulh African Geographer, Vol. 53, p. 53- 69. 
H erm, O. 1970. B oslryx variabilis n. sp ., eine Landschncckc a us dent Altpleistozan von Mejillones, Nordchile_ 

MiUeilungen del' Bayerischen Slaalssammlung fiir Paliiontologie UTld Hislori"he Geologie, Bd. 10, p. IB9- gB. 

https://doi.org/10.3189/S0022143000013472 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000013472


JOURNAL OF GLACIOLOGY 

Heusser, C. 1966. Late-Pleistocene pollen diagrams from the province of Llanquihue, southern Chile. Proceedings 
of the American Philosophical Society, Vo!. 110, No. 4, p. 269-305. 

Illies, H. 1960. Geologie der Gegend von Valdivia, Chile. Neues Jahrbuchfur Geologie IInd Paliiontologie, Abh. 3, 
No. I, p . 30-110. 

Kinzl, H . 1968. La glaciacion actual y pleistocenica en los Andes centrales: Geoecology of the mountainous 
regions of the tropical Americas. Colloquium Geographicum, Vo!. 9, p. 77-90. 

Klebelsberg, R . von. 1948-49. Handbuch der GletscherkUllde und Glazialgeologie. Wien, Springer-Verlag. 2 vols. 
Lauer, W. 1968. Die Glaziallandschaft des sildchilenischen Seengebietes. Acta Geographica, Vo!. 20, p . 215-36. 
Laugenie, C. 1971. Elementos de la cronologia glaciar en los Andes chilenos meridionales. Cuadernos Geogrtificos 

del Sur (Concepci6n, Chile), Ano I , No. I, p. 7-20. 
Lliboutry, L. A. 1956. N ieues y glaciares de Chi/e: fimdammtos de glaciolologia. Santiago de Chile, Ediciones de la 

Universidad de Chile. 
Mercer, j. H . 1965. Glacier variations in southern Pa tagonia. Geographical Review, Vo!. 55, No. 3, p. 390-413. 
Mercer, j. H. 1970. Variations of some Patagonian glaciers since the Late-Glacial : 11. AmericallJournal of Science, 

Vo!. 269, No. I, p. 1-25. 
Mercer, j. H . 1972. Chilean glacial chronology 20,000 to 11,000 carbon-14 years ago: some global comparisons. 

Science, Vo!. 176, No. 4039, p. 1118-20. 
Mortensen, H. 1928. Das Formenbild der chilenische Hochkordillere in seiner diluvial-glazialen Bedingtheit. 

<:,eitschrift der Gesellschaft fi.r Erdkllllde zu B erlill, Bd. 63, Ht. I, p. 98- 111. 
Outcalt, S. 1., and Benedict, j. B. 1965. Photo-interpreta tion of two types of rock glacier in the Colorado Front 

Range, U .S.A. Journal of Glaciology, Vo!. 5, No. 42, p. 849- 56. 
Paskoff, R . 1967[aJ . Los cambios c1imliticos Plio-Cuatcrnarios en la franja costera dc Chile semiftrido. BoleUn 

de la Asociacioll de Geografos de Chile, Tom. I, No. I, p. 11-13. 
Paskoff, R. 1967[bJ . Notes de morphologie glaciaire dans la haute vallee du Rio Elqui (Province de Coquimbo, 

Chili). Builetin de I'Associatiol1 de Geographes Frallfais, Nos. 350- 5 1, p. 44-55. 
Paskoff, R . 1970. Recherches geomorpllOlogiques dalls la Chili semi-aride. Bordeaux, Biscaye Freres. 
Paskoff, R . 1972. Formes de glaciation residuelle dans la cordillere de l'Elqui (province de Coquimbo, Chili). 

Photo-interpretatioll, [No.] 3, p. 8-13. 
Pizarro, C. Unpublished. El bosque relicto de Mantagua. [Memoria de la Facultad de Filosofia y Educaci6n, 

Universidad Catolica de Valparaiso, 1965.J 
Salomon, j. N. 1969. El alto valle del Rio Mendoza. BoleliT! de Estudios Geogrdficos (Mendoza, Argentina), Tom. 

16, No. 62, p. I- 50. 
Santana, R. 1967. Rasgos de la glaciaci6n cuaternaria en El Manzanar, Valle del Cachapoal, Andes de 

Rancagua. Revista Geografica de Va/paralso, Tom. I, No. I, p . 85-98. " 
Schneider, H . 1969. El clima del Norle Odco. Santiago de Chile, Dcpartamento de Geografia de la Universidad 

d e Chile. 
Schneider, H . 1971 . Tipos de tiempo de Chile Central. ClladernoJ" GeogTlificos del Sur (Concepci6n, Chile), Tom. I, 

No. I, p. 77-93. 
Seret, G. 1965. La succession des episodes fluviatiles periglaciaires et Auvioglaciaires a l'aval des glaciers. <:,eil

schrifl fur GeolllorlJhologie, Neuc Folge, Bd. 9, Ht. 3, p. 305-"20. 
Shroder, j . F. ["1972.] Rock glaciers on Aquarius Plateau, Utah. (In Adams, W. P. , and Helleiner, F . M., ed. 

Intemational geograPhy 197:<. PalJers submitted 10 tlte :<211(1 ill/emational Geographical CongresJ, Canada, ... 1\I[ontreal, 
1.972. Toronto and Buffalo, University of Toronto Press, [Vo!.J I , p. 63-65.) 

Wahrhaftig, C., and Cox, A. 1959. Rock glaciers in the Alaska Range. Bulle/in of the Geological Society of America, 
Vo!. 70, No. 4, p. 383- 436. 

Weischet, W. 1964. Geomorlillogia glacial de la region de los lagos. Comunicaciones de ia Escuela de Geoiog/a, 
Universidad de Chile, No. 4. 

Weischet, W. 1969. Zur Geolllorphologie des Glatthangrcliefs in cler ariden Subtropenzone des Kleinen Nordens 
von Chile. <:,eitschrift fiir (JeomorIJholugie, Neue Folgc, Bd. 13, Ht. I, p. 1- 21. 

' Weischet, W. 1970. Chile: seine liinderkllndliche IlIdividllaliliiL /IIld Slrllktur. Darmstadt, Wisscnschaftliche Buch
gesellschaft. 

Whittacker, M. 1943. Harografia de Chile. Oficilla Meleorologica de G'llile. Pllblicacion No. 58. 
Wilgat, T., alldWojciechowski. K. 1971. Rio Aconcagua, a hydrogeographical study. Dokummtacja Geograjiczna, 

197 1, [Nos.J 4-5. 

https://doi.org/10.3189/S0022143000013472 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000013472

